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ABSTRACT: Indiscriminate disposal of palm oil mill efflue@QME) on land occurs in the palm oil — producingioa of Nigeria.
The aim of this study was to investigate the effexit POME on soil physico-chemical characteristing the vegetative profile of
maize plant. Fresh POME was used to pollute sollG8, 20% and 30% (w/w). Physico-chemical analgs$ishe soil used for
planting was carried out before and at the enchefexperiment. Vegetative analysis of the maizetplafter 2, 3 and 4 weeks of
planting revealed significant decrease (P < 0.03¢af area, stem height, root weight and chlordphymber in the plants grown in
POME-treated soil compared to control. Analysisaf samples at the end of the study showed aeaserin soil sodium, potassium,
magnesium, electrical conductivity and cation exgeacapacity with increasing application of POMErd@ntage carbon, nitrogen
and organic matter in POME — treated soils whenpamed to control post-planting were found to bereiesed. However the highest
values were obtained in the 30% POME - treatedmr&hosphorus levels in the POME - treated soilewéserved to be sharply
reduced when compared to the control soil. No tianain the levels of aluminium ions in the POMEdted groups was observed
post-planting. The authors infer that despiteititeeased availability of some plant nutrientshia soil, the reduced values obtained
for vegetative parameters suggest that POME mabebeneficial for plant growth at the concentragistudied.
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Introduction

The oil palm plant Elaeis guineens)sis native to many West African countries where tbcals use its oil mainly for culinary
purposes. It is one of the most widely used coobkifgyin West and Central Africa (1, 2).

A lot of water is used in the palm oil extractiomgess. About half of the water is lost as steanfevthe other half results in palm oil
mill effluent (POME). POME is a high volume liquiglaste which is non-toxic, organic in nature withwapleasant odour and is
highly polluting (3). About 2.5 tonnes of this was$ produced for every tonne of oil extracted framoil mill (4). POME consists of
about 94% water; it is mainly the sum total of ljwaste which cannot be easily or immediately eepssed for extraction of useful
products and is run down the mill internal draistsyn (5).

POME, as most other agro-industrial effluents medous nuisance when discharged untreated astiios high levels of organic
load and some organic acids. The phytotoxic prégeexf this effluent can be attributed to the higimcentrations of polyphenals,
which possess antibacterial properties. In devaetppbuntries such as Nigeria, this effluent ismfiescharged on agricultural land as
a cost-saving stratefjyDischarging of POME on land may lead to pollutaord might deteriorate the surrounding environniéht
There is the indication of alteration of soil prapes such as cation exchange capacity followirggapplication of POME to soil (8).
POME contains appreciable amounts of nitrogen, jpihasis, potassium, magnesium and calcium, whichtleevital nutrient
elements for plant growth. It may thus be usedeadifer or animal feed under appropriate condigioGrowth inhibition in different
plants after POME application to soil has also baeserved (9).

The present study investigated the effect of POMEal physico-chemical properties and vegetatamameters of maiz&éa mayp
grown on soil polluted with POME.

Materialsand M ethods

Maize seedsZea maypswere purchased from Uselu Market in Benin-CitglpEState, Nigeria. The soil sample used for plantias
obtained from a farmland in Oluku Junction in Be@ity. The palm oil mill effluent (POME) was obta&id from the Nigerian
Institute for Oil Palm Research (NIFOR), Km 7 ald®enin-Akure Road, Benin-City, Edo State, Nigeria.

Three (3.0) kilograms of soil was weighed into epolythene bag. Six (6) bags were labelled as obmiith nothing added to them.
Three (3) other groups consisting of six bags dfesch were treated with 10%, 20% and 30% POMEvjw/

Five viable maize seeds, selected by simple flmtathethod were planted, evenly spaced, in eachTdegbags were transferred to
the greenhouse to simulate an almost natural emvieat. Each bag was moistened daily with 50ml afewaAfter germination,
vegetative measurements of seedlings were caraedtahe end of each week for four weeks.

Leaf area was determined according to the methddooitgomery®. The entire leaf length was multiplied by the larest portion of
the width and with a factor (0.75). The stem heighs determined by measuring the length of thetslisam from the stem origin at
the base of the soil to the terminal node. Thésrobharvested plants were washed with distilledewto remove sand particles and
root weight carried out using a laboratory weighiiaance. Chlorophyll number was determined acogrth the method of Deret

al ™ with acetone as solvent. Calculation of chloropayand chlorophyll b amounts, and hence chlordphyinber was done using
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the formula of Lichtentaler and Wellburn (12). SpH was determined according to the method of Fottoal (13). Electrical
conductivity was determined using a calibrated catidity meter with the sample prepared as desdritoe pH determination.
Organic carbon was carried out using the modifiethmd of Walkey-Black rapid dichromate oxidatiooheique (14). Exchangeable
cations were determined according to the methodaokson (15). The Bouyoucos hydrometer method {8) used to determine
particle size. Nitrogen was determined by the mikjgldahl method as described by Jackson (15). lAbk phosphorus was

determined using the method of Bray and Kurtz (17).
The results were expressed as mean + SEM. Analfsiariance (ANOVA) was used to test for differemde the groups. A P value

of 0.05 was set as the level of significance.

Results

Table 1: Physico-chemical properties of Palm oil mill effluent obtained from NIFOR, Benin-City

Parameter Value

P 4.85
Electrical Conductivity (us/cm) 382.00
Nirogen (mg/L) 3094.44
Phosphorus (mg/L) 1483.87
Total Soluble Solids (mg/L) 11000.00
Calcium (mg/L) 145.89
Magnesium (mg/L) 46.67
Sodium (mg/L) 629.00
Potassium (mg/L) 6477.00
Total Dissolved Solids (mg/L) 349.00

This table shows the physico-chemical propertiesasf POME. The POME is acidic with high concentias of dissolved and
soluble solids as well as mineral elements.

Table 2: Physico-chemical properties of soil samples before the experiment and at the end of the experiment

(ore S‘;Lﬁng) Soil (After planting)

Control Control 10% POME 20% POME 30% POME
P 5.9 4.8 5.3 5.3 54
Electrical conductivity (uS/cm) 273 44.4 38.6 93.4 93.3
% Nitrogen 0.195 0.213 0.197 0.174 0.213
% Carbon 2.88 3.232 2.272 2.176 2.752
% Organic matter 5.98 5.588 3.928 3.762 4.758
Phosphorus (ppm) 21.11 16.115 2.031 3.608 2.753
Calcium (mEqg/100g soil) 3.84 3.84 3.28 3.36 4.64
Magnesium (mEq/100g soil) 1.17 1.12 2.16 2.00 3.12
Sodium (mEg/100g soil) 0.38 0.285 0.293 0.293 0.301
Potassium (mEq/100g soil) 0.2 0.201 0.321 0.602 40.6
Hydrogen ions 0.2 25 0.9 0.8 0.9
Aluminium (mEg/100g soil) N.D 1.10 0.20 0.20 0.20
Cation exchange capacity 5.791 5.046 7.154 7.255 8089
% Clay 2.6 2.3 23 2.3 2.3
% Silt 4.7 7.8 5.8 5.3 5.3
% Sand 92.7 89.9 91.9 92.4 924

*N.D = not detected

Table 2 above shows the physico-chemical propesfissil samples before the experiment and at tioleog the experiment.

The soil pH was generally found to be acidic in thi treatments. The results show increase inrsafinesium, sodium and
potassium upon the addition of POME to these sdife increase was greatest in the soils with 309w )YWOME application.
Electrical conductivity and cation exchange capaeilso increased in the POME-treated soils. A stdeprease in available
phosphorus in the POME treated soils was observegbared to the control soil.

Table 3: Leaf area (cm?) of maize grown in different concentrations of palm oil mill effluent polluted soil.

Week 1 Week 2 Week 3 Week 4
Control 24.40 £ 0.93 51.02 +2.8% 73.16 £6.10 7443 £2.71
10% POME pollution 20.72 +0.94 43.68 +0.99 55.84 +0.98 64.00 +5.74
20% POME pollution 20.86 + 1.69 36.29 £ 1.67 37.17 £0.69 42.50 £2.94
30% POME pollution 20.72 + 0.95 34.17 + 1.56 37.08 + 3.48 38.10 +3.13

Values represent mean +SEM (in3m
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The various alphabets in the table indicate sigaift differences. Similar alphabets reflect no ificamt difference (P > 0.05)

between the values while different alphabets refie@mificant differences (P< 0.05) between theigal

Significant reduction in leaf area between corarad the POME treatments was observed in all weekbe first week, there was no
significant difference between the various POMEtimeent groups. For weeks 2 and 3, significant wiffees between the 10%
POME - treated group and the 20% and 30% POMEetegitoups was observed. There was no significdfereince between the
20% and 30% POME-treated groups. At week 4 sigmificlifferences was observed between all the PQigErhent groups, with

leaf area decreasing as POME application increased.

Table4: Stem height (cm) of maize plants grown in different concentrations of palm oil mill effluent polluted soil.

Week 1 Week 2 Week 3 Week 4
Control 6.78 £ 0.17 11.71 +£0.35 15.16 + 0.55 15.67 £ 0.48
10% POME pollution 6.61+0.18 9.81+0.14 12.75 £ 0.64 13.92 £ 0.65
20% POME pollution 6.45+0.20 8.18+0.19 11.64 +0.48 12.67 £0.8%
30% POME pollution 6.23£0.16 8.27 £0.19 9.95 + 0.65 11.20 £ 0.3%

Values represent mean + SEM (in cm).

The various alphabets in the table indicate sigaift differences. Similar alphabets reflect no ificant difference (P > 0.05)
between the values while different alphabets refiemificant differences (P< 0.05) between theigal

Stem height oZea may®lants showed no significant difference (P > Ol@&ween the control, 10% and 20% POME pollutiothi
first week. A significant difference (P < 0.05) Wween the control and 30% POME pollution was howedeserved. Significant
decrease in the stem heights however occurred batthe control and the various treatments for w@ekd.

Table5: Root weight (gm) of maize grown in different concentrations of palm oil mill effluent polluted soil.

Week 2 Week 3 Week 4
Control 1.67 +0.12 1.86 +0.04 1.96+0.18
10% POME pollution 1.84 +0.62 1.91+0.1% 2.29+0.10
20% POME pollution 1.15+0.15 1.33+0.20 1.61+0.18
30% POME pollution 0.67 +0.01 0.78 +0.07 0.95 +0.07

Values represent mean + SEM (in grams).

The various alphabets in the table indicate sigaift differences. Similar alphabets reflect no ificamt difference (P > 0.05)
between the values while different alphabets refiemificant differences (P< 0.05) between theigal

There was significant difference (P < 0.05) in tneight of Zea maysoots between the control and the treatments aksv@ — 4.
Significant reduction in root weight was observedP®ME contamination increased.

Table 6: Chlorophyll number of maize leaves grown in different concentrations of palm oil mill effluent polluted soil.

Week 2 Week 3 Week 4
Control 31.29 + 1.47 32.88+1.03 40.72 +0.92
10% POME pollution 31.26 +0.60 27.83+0.9% 30.59 +1.15
20% POME pollution 30.58 +0.97 24.56 +1.33 29.39 + 0.6Y
30% POME pollution 31.41+0.73 25.64 +1.7Y 27.59 + 2,54

Values represent mean + SEM (in pg/g fresh leaf).

The various alphabets in the table indicate sigaift differences. Similar alphabets reflect no iicemt difference (P > 0.05)
between the values while different alphabets refi@mificant differences (P< 0.05) between theigal

No significant difference (P > 0.05) in chlorophglimber was observed between groups at week 2e Tas however significant
difference (P< 0.05) between the control and treatsat weeks 3 and 4. Reduction in chlorophyll inermas POME pollution
increased was observed. This was however not gigntfbetween the pollution groups.

Discussion

Palm oil is processed locally and industrially thgb the oil palm belt stretching from Lagos to Gr&ver in Nigeria (18). During
this process, palm oil mill effluent (POME) is ptaxéd in very large quantities (19).

The locations of many small scale private palm taltons where palm oil mill processing take platéligeria increases the problem
of indiscriminate discharge of raw, untreated POBftEagricultural land or water bodies. As statedAwotoye et al (20), this
mindless abuse of our environment by indiscrimimiseharge of effluent is unhealthy and discouragetkveloped countries where
industries are encouraged to strive towards cleebnologies that do not impact negatively onetiieironment.

The results of soil analysis post-experiment shogvdase in soil Na, K, Mg, electrical conductivétyd cation exchange capacity
with increasing application of POME. Soil pH renednacidic at all levels of POME application. Thssin agreement with Nwoko
and Ogunyemi (21) and Osaigbovo and Orhue (9). 2epeal. (23) suggested that this increase may be attbbeit® the acidic
nature of POME.
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A sharp decrease in soil phosphorus in soilsdteatith POME was observed. This is not in agreemétit Nwaugoet al (23) and
Iwaraet al (24). However, this difference may arise duenmfact that these researchers allowed the POMétieent in the soil for
varying lengths of time before planting. The tinfénzubation may therefore enhance the availabdftphosphorus in the soil.
Vegetative parameters such as leaf area and staght lveere observed to be significantly (P < 0.08)hler in the control group
compared to those grown in POME-treated soils. @lgiees with the observations of Osaigbovo and ©(Bywho suggested that
the poor growth parameters in POME treated soifpitke increase in soil minerals may be due to redugptake of these plant
nutrients. The oily nature of the POME may inhihitrient uptake by creating anaerobic conditionthésoil.

Plant roots are the sites for uptake of nutriemdsfthe rhizosphere. Significant decrease (P <)d%oot weight in the POME
treated soils compared to control may further antéar reduced nutrient uptake and hence, poorgetetive parameters.
Chlorophyll is vital for photosynthesis and itstdizution within maize leaves is in general homagmrs at a specific growth stage.
However, stress in a plant may result in both a lfschlorophyll and a change in its distributicattprn (25). This is seen in the
chlorophyll number as determined. A significantréase (P < 0.05) in the chlorophyll number of ma@mavn in the POME treated
soil is observed, suggesting that POME inducessirethe plants.

There have been reports of POME being beneficiahaize growth (19, 26). They however point out it usefulness of POME
may depend on the amount applied to soil, the duraif application prior to planting and the ferrtetion of POME for varying
lengths of time before application to soil.

This study has demonstrated that POME, at the otrat®ns studied, negatively affected the vegetapiarameters of maiz&€da
may$ grown in soils polluted with POME. This suggesiast POME may not be beneficial for direct soil liggdion. Further research
however needs to be carried out to ascertain ieuady set of conditions, POME may be beneficiarap growth.
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